Health authorities in the reformed British NHS are responsible for assessing the health needs of their population and ensuring that a range of appropriate and effective services is in place to meet these.' The recent work designed to produce a new health care resource allocation formula2 has shown that uptake of secondary care at a population level in the United Kingdom varies and is associated with differences in socioeconomic variables. Routine hospital data linked by postcode to small geographical areas and thus to measures of deprivation is one way in which the outcome of this process may be monitored in respect of secondary inpatient care. This paper uses a case study in one district to examine some ofthe methodological challenges involved. We describe an examination of admission rates for the commonest specific diagnoses in an inner London health districtKensington, Chelsea and Westminster. The district has a population of approximately 325 000. It is extremely heterogeneous; some parts are very poor while others, such as Knightsbridge, are home to some of the wealthiest individuals in the country. In addition, a high proportion of the population is from minority ethnic groups. The district is, however, well served by hospitals, with three major teaching hospitals and several special health authorities either within its boundaries or nearby.
Methods
The study examined hospital episode data on admissions to all NHS hospitals anywhere in England for residents of Kensington, Chelsea, Westminster Commissioning Agency for the year to April 1994. To overcome the problems of analysis arising from the very many combinations of codes in the International Classification ofDisease (ICD), diagnostic data were condensed to generate one of 400 disease categories, using the American Disease Staging system.3 An evaluation of disease staging3 using British data has been described elsewhere. 4 The number of episodes in each disease category was ranked. Those containing more than 400 episodes, those with specific labels (that is, not, for example, "other urinary tract disorders"), and those not related to obstetrics were selected for further study (table 1) . This accounted for 24% of all episodes. By mapping on the basis of postcodes, episodes were assigned to an electoral ward of residence. A composite measure of deprivation, the Carstairs index,5 was obtained from census data for each ward. This summates measures of unemployment, overcrowding, no car ownership and social class.
The number ofepisodes in each ofthe disease categories being studied that arose from each ward was identified and applied to the resident population of the ward as measured in the 1991 census. An age standardised episode ratio (SER) for each ward was calculated by applying the overall age specific (in five year age bands) rates for the district to the age distribution in each ward to yield an expected number of episodes from each ward. The standardised ratio was then calculated by dividing the observed by the expected rates and multiplying by 100.
The association at ward level between the episode ratio and the deprivation score was calculated by regression using Spearman's correlation method. To illustrate the size of any effect, for those disease categories for which Carstairs index Figure 1 Relation between Carstairs index and age standardised episode rate. there was a statistically significant association with deprivation, the age standardised admission rates have been calculated for groups of wards divided into quartiles in terms of the Carstairs index. An attempt was made to match episodes to people by aggregating records that had matching dates of birth, principal disease categories, sex and postcodes. This generated pseudopatients. These data were then used to assess the impact of differences in the ratio of episodes to people by calculating the person-based annual hospitalisation rate by electoral ward, calculating the ratio ofepisodes to pseudo-patients by deprivation quartiles and, for selected disease categories, regression the person-based annual hospitalisation rate against the Carstairs index.
All analyses were undertaken using either SPSS for Windows or Excel.7
Results
There was a strong correlation between deprivation and SER for all diagnoses together 87 (fig 1) As expected, given the effect of deprivation level on the ratio ofepisodes to pseudo-patients, in those cases where further regression was undertaken the association was less strong than with episode based data. For example, for acute renal failure the correlation coefficient fell from 03298 to 006, which, when taken with the figures for episode per pseudo-patient, suggest that the observed effect is largely due to those in more deprived wards being admitted more often. For asthma, there is still a decline, from 05102 to 0.369 but the correlation remains significant (p=001) suggesting that both factors are at work. clude the effect of the private sector, concerns There is some evidence that episode inflation'0 has selectively increased the numerator in some wards. As noted above, the episode rate combines the number of people admitted and the frequency with which they are admitted. In this case study the analysis has not been pursued in great detail because of the potential problems that cannot be easily resolved using the methods of analysis available at district level and with the available data. The method of linking to create pseudo-patients appears reasonably robust and less than 0-1% of postcode, date of birth and sex variables were missing. It is, however, possible (or even probable) that some are incorrect. There is also the problem of mobility in inner city districts where typically up to 20% of people change their address each year, not to mention the many homeless. As the number of events in many wards is already quite low, serious biases may arise from uncritical use of this approach.
If episode rates are used, some other issues must be taken into account. For example, there may be differences in the extent to which hospitals serving different parts of the district inflate episodes. Among the hospitals in the data set the ratio of episodes to pseudo-patients was typically 1-05 to 1-1 but it was 1-68 in one hospital, although it treats only a few patients from the district, most of whom are tertiary referrals. There are various reasons why these ratios are greater than one. One example is using a series of admissions over a short period instead of keeping a patient in hospital for an entire course of treatment. A second, seen with acute renal failure, is misclassification of some regular day attenders as inpatients, such as the patient with 192 recorded episodes in the year. In passing it should be noted that the health authority was paying for each attendance at the average specialty cost for a nephrology episode.
In this analysis the linkage included disease category. A more complicated problem arises when a patient has a series of episodes in a single admission but these are allocated different principal diagnoses and thus disease categories. These may or may not be related, such as where the first episode is labelled "chest pain" and subsequent ones are "ischaemic heart disease". Other situations may be less clear cut The evidence for increased levels of ill health among the poor is strong, whether measured in terms of mortality, self limiting long standing illness, or a range of specific diseases,4' 5 with a growing body of evidence that material deprivation, rather than artefact, selection, or behavioural factors is the most important explanation.'6 At a geographical level, for example, Carstairs and Morris'7 have demonstrated a socioeconomic gradient on the basis of postcode sectors in Scotland for death rates from diseases accounting for 70% of all deaths. The strongest gradients were found for bronchitis, lung and cervical cancer, pneumonia and cirrhosis. There is, in general, much less information on specific conditions that do not commonly result in death. Of course, a further complication arises from the growing body of evidence that the poor have less access to health care than would be justified by need'8 and thus the observed hospitalisation rate is likely to underestimate the strength of the association between deprivation and morbidity. Consequently, this type of work should be linked, where possible, with studies of the prevalence of morbidity. Unfortunately, there are few such examples that are related directly to the need for services.'920
The second possibility, that high admission rates in deprived areas reflect failures ofprimary care, arises from the work of Billings et alt in New York. He has identified conditions for which hospitalisation could be avoided by appropriate action at an early stage. These include asthma, diabetic ketoacidosis, congestive heart failure, and bacterial pneumonia. In this study, the association with deprivation for conditions such as asthma and bacterial pneumonia was less strong than for many other conditions and findings in the USA may not be applicable in the UK because of the presence of universal health care coverage here. A major study is under way in North Thames region to evaluate whether this is so (J Dixon, personal communication) but evidence from a British study of stage at presentation ofbreast cancer22 found no difference between women from deprived and non-deprived backgrounds, unlike the situation in most American studies. Survival is, however, better in the women from less deprived backgrounds, suggesting that there are socioeconomic factors related to treatment or the response to it that are important.
The possibility that sick people living in poor areas are more likely to be admitted because of their social circumstances is intuitively attractive but there is little empirical work to support it.
It will never be possible at this level ofanalysis to provide all the answers. Rather, by highlighting the unexpected, it provides a pointer to the need for more detailed studies. The preceding explanations probably explain at least part of many of the observed differences. More importantly, along with several other methodological issues, they offer the basis for a research agenda. The remaining issues relate to the interpretation of findings and raise questions on both the classification ofdeprived areas and the categorisation of disease groups.
CAVEATS
Deprivation has many components such as lack of control and social and economic status. Census variables act as proxies for these different components, either individually or in combination. It is probable that for a specific condition an outcome such as the hospitalisation rate will be more closely associated with one of these underlying components than with a composite measure. For example, in the Whitehall study, employment grade (potentially a proxy for control) and car ownership (potentially a proxy for social status) contributed independently to all cause mortality.23 Furthermore, the use of a particular composite measure may give different results from another that reflects a different combination of underlying components. These components may act through both the likelihood of acquiring a condition and of obtaining treatment. In a comparison of four commonly used composite measures."4 there was little difference between the Carstairs and Townsend25 indices in the degree ofassociation with a variety ofadmission rates but both were much more closely associated with admission rates than either the Jarman26 or Department of fhe Environment indices.
Potentially, any study based on wards is susceptible to the ecological fallacy,27 with results at a population level giving results different from those that would be obtained by studying individuals. Recent work at ward level by Sloggett and Joshi provides reassurance. They found that the excess mortality associated with residence in areas designated as deprived is wholly explained by the concentration therein of people with adverse socioeconomic factors.
The disease categories studied are clearly a function of the system used to aggregate conditions. Disease staging3 has advantages over some other approaches. It produces categories that have been shown to be well demarcated and clinically coherent,4 unlike, for example, ICD chapters or three digit codes. Unlike many alternative casemix systems, such as diagnosis related groups29 or healthcare resource groups30 it is not procedure driven. Systems that are would introduce a further element of clinical judgement and while they may be useful for further analysis ofresults from studies such as this, on their own they would only make interpretation more difficult. With disease staging3 it is possible in theory to conduct the analysis at a more detailed level by looking at differences in the stages within each category. These are ranked in terms of increasing severity and could be used to explore specific questions. They are not suitable for a blanket examination of the data as the numbers of cases in many stages are extremely small at this level of analysis.
The finding that none of the specific conditions is as closely associated with the Carstairs index as is total admissions is surprising. One possible explanation is that it reflects the addition of a random element of diagnostic variation for some conditions. This is an intrinsic limitation arising from the absence of explicit diagnostic criteria in the ICD3' and the known variation in the interpretation of clinical evidence. 3 This interpretation is supported by the finding that the correlation for all other disease categories is still less than that for all cases.
In this case study, the association between Carstairs index and SER was not significant for bacterial pneumonia, cancer of the breast and colon, and head injury. The first and last of these are somewhat counter-intuitive and may reflect the use of a composite deprivation index that does not adequately capture aspects of deprivation directly relevant to the age groups involved most, the elderly and young respectively. Conversely, disease staging3 also highlighted two disease categories that are closely associated with deprivation levels that might otherwise be overlooked: functional digestive disorders and bursitis. The explanations for these associations are not immediately apparent. These findings indicate the scope for more detailed analysis by the commissioning agency.
WHERE NOW?
This case study using aggregate data inevitably raises more questions than it answers. It has many limitations, not least that it is simply a demonstration project commissioned by the Department of Health to explore how hospital episode data might be used at district level. As such, it offers a practical approach to what might be done, highlighting the pitfalls and challenges and, where possible, suggesting how they might be overcome. The extent to which these problems are important will depend on the characteristics of the district. The diversity seen throughout the country, in inner cities, suburbs, and rural areas with different travel distances, ethnic mixes, and economic differentials means that there is no such thing as a typical district. For the purposes of this case study, Kensington, Chelsea and Westminster district has the advantage of featuring a considerable amount, but not all this diversity within its boundaries. Consequently, the results cannot be generalised to other districts.
The study is also limited because the analyses undertaken are those that can reasonably be done by an information department at district level. Clearly much more could be learnt from much more sophisticated multi-level modelling although the skills and tools required are beyond the scope of most districts.
Further research is, however, required to inform those seeking to analyse geographical patterns of hospitalisation and deprivation, both in general and for specific conditions. The study examining the concept of ambulatory care sensitive conditions referred to above is an attempt at this. This information is needed urgently because of its important implications for the move to primary care led purchasing and the attempt to develop a capitation formula to fund general practitioners. Recent work by Sheldon et al concluded that it was not at present possible to produce such a formula. 33 The present study adds a further dimension to this debate because of the widely differing hospital costs of the conditions studied. It is likely that general practitioners, albeit imperfectly, will be much better at predicting the probability of hospitalisation of a particular patient for a specific condition, on 
